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Nanoscale twisted bilayer graphene (TBG) is quite instable and will change its 
structure to Bernal (or AB-stacking) bilayer with a much lower energy. Therefore, 
the lack of nanoscale TBG makes its electronic properties not accessible in 
experiment up to now. In this work, a special confined TBG is obtained in the 
overlaid area of two continuous misoriented graphene sheets. The width of the 
confined region of the TBG changes gradually from about 22 nm to 0 nm. By using 
scanning tunnelling microscopy, we studied carefully the structure and the 
electronic properties of the nanoscale TBG. Our results indicate that the low-
energy electronic properties, including twist-induced van Hove singularities 
(VHSs) and spatial modulation of local density-of-state, are strongly affected by 
the translational symmetry breaking of the nanoscale TBG. Whereas, the 
electronic properties above the energy of the VHSs are almost not influenced by 
the quantum confinement even when the width of the TBG is reduced to only a 
single moiré spot.    
 
 
 
 
Nanoscale materials usually exhibit quite different properties from their bulk phase. 
For example, nanosized graphene structures, such as graphene nanoribbon and 
graphene quantum dot [1-10], show distinct electronic and magnetic properties from a 
continuous graphene monolayer. However, some of the materials do not allow to reduce 
their sizes to nanoscale due to the instability with reducing the size. Twisted bilayer 
graphene (TBG), composing of two mutually misoriented graphene layers with a 
rotation angle  [11-25], is a typical example. Recent experiments demonstrated that 
nanosized TBG is not stable and will change its structure to nanosized Bernal (or AB-
stacking) bilayer, which has a much lower energy [26-29]. Therefore, although the TBG 
have been studied extensively during the past few years [11-25], the electronic 
properties of the nanoscale TBG have remained experimentally elusive up to now.    
In this work, a special nanosized TBG is obtained in the overlaid area of two 
continuous misoriented graphene sheets. The width of the confined region of the TBG, 
i.e., the overlaid area, changes gradually from about 22 nm to 0 nm. Such a structure is 
quite stable and provides us unprecedented opportunities to systematically study the 
electronic properties of the nanoscale TBG.   
In our experiment, the graphene bilayer was synthesized on the SiC(000-1) by 
thermal decomposition (see Supplemental Material [30] for details). Previous studies 
indicated that adjacent graphene layers in such a system tend to have a strong twisting 
[31-33]. The characterizations and electronic properties of the sample were measured 
by using a ultra-high vacuum scanning tunneling microscopy (STM, Unisoku) (see 
Supplemental Material [30] for method and more information). Figure 1a shows a 
representative STM image of a TBG on the SiC(000-1). The period of the moiré pattern 
D is about 4.9 nm and the twisted angle is estimated to be θ ≈ 2.9o according to D = 
a/[2sin(θ/2)] with a = 0.246 nm the lattice constant of graphene. The twist in real space 
also leads to the relative shift of the Dirac points (inset of Fig. 1(b)) on the different 
layers in the momentum space ∆K = 2|𝐾| sin(𝜃/2), where K is the reciprocal-lattice 
vector. Because of the interlayer coupling between the two adjacent graphene sheets, 
two saddle points appear at the intersections of the two Dirac cones, which 
consequently generate two low-energy van Hove singularities (VHSs) in the density-
of-state (DOS). Figure 1(b) shows typical scanning tunneling spectroscopy (STS) 
spectra of the TBG. The two peaks with an energy spacing of about 430 meV in the 
spectra are attributed to the two VHSs, which agree well with both our theoretical result 
in Fig. 1 (c) and that reported in previous experimental work with a similar twisted 
angle [13-16]. 
The existence of the twist-induced moiré pattern is expected to affect the spatial 
distribution of local DOS (LDOS) in the TBG [13,16,24,25]. To further explore the 
effects of the moiré pattern on the electronic properties of the TBG, we carried out STS 
maps (differential conductance maps) measurements at various energies, which directly 
reflect the spatial distribution of the LDOS. Figure 2(a) (upper panel) shows a 
representative STS map recorded at energy of one of the VHSs of the TBG with θ ≈ 
2.9o (see Fig. S1 [30] for more experimental data). Obviously, the LDOS in the TBG is 
strongly modulated by the moiré pattern and it reveals the same period of the moiré 
pattern, reflecting the presence of the moiré potential in the TBG. Figure 2(b) (upper 
panel) shows a STS map measured at an energy larger than that of the VHSs. The 
obtained LDOS also exhibits the same period of the moiré pattern, however, the 
positions of the strongest STS signal shift D/2, as shown in Fig. 2(c). In Fig. 2(a), the 
signal of the LDOS is strongest in the AA regions (where the sublattices of the adjacent 
graphene bilayer are aligned), whereas, the STS signal in Fig. 2(b) is strongest in the 
AB/BA regions (where Bernal stacking of the top and bottom graphene sheets occurs). 
Our results in Fig. 2 indicate that the wave functions of electrons in the TBG may switch 
the positions of their nodes at different energies. Such a behaviour may be related to the 
generation of moiré band in the TBG [20]. To fully understand the observed phenomena, 
we calculated the spatial distributions of the LDOS at the energies that we carried out 
measurements of the STS maps (see Supplemental Material [30] for details). The lower 
panels of Fig. 2(a) and 2(b) show the corresponding simulated results, which reproduce 
the main features of our experimental results quite well.    
The above results show two important electronic properties, including the low-
energy VHSs and the spatial modulation of the LDOS associated with the moiré pattern, 
of the TBG. We will show effects of quantum confinement on the two electronic 
properties of the TBG subsequently. To overcome the instability of the nanoscale TBG, 
here the nanoscale TBG is obtained in the overlaid area of two continuous graphene 
sheets with a small twisted angle, as shown in Fig. 3(a) (see Fig. S2 of Supplemental 
Material [30] for more STM measurements of the structure). Figure 3(b) and 3(c) show 
schematic diagrams of the unique nanoscale TBG. The period of the moiré pattern is 
about 6.6 nm and the twisted angle is estimated to be about 2.1o. As shown in Fig. 3(a), 
the width of the nanoscale TBG decreases from about 22 nm to 0 nm. Such a unique 
confined structure and, very importantly, its stability enable us to systematically study 
the electronic properties of the nanoscale TBG.  
To further study the effect of quantum confinement on the electronic properties of 
the nanoscale TBG, we measured the tunneling spectra of the TBG with different width, 
as shown in Fig. 3(d). Obviously, the spectra depend sensitively on both the positions 
in the moiré pattern and the width of the nanoscale TBG. For the spectrum recorded at 
the position of the TBG with width of about 22 nm, two pronounced maxima of the 
LDOS at about -45 mV and 70 mV, corresponding to the two VHSs (also see Fig. S3 
[30]), are clearly observed. According to the result in Fig. 3(d), the intensities of the 
two VHSs on the one hand are modulated periodically by the moiré pattern, and on the 
other hand decrease gradually with decreasing the width of the TBG (see Fig. S4 [30] 
for more experimental data). When the width of the TBG becomes comparable to that 
of a moiré spot (~ 6.6 nm), the intensities of the two VHSs become too weak to be 
observed. Such a result is reasonable because that the translational symmetry of the 
twist-induced moiré pattern is entirely removed in a single moiré spot. Consequently, 
the band structure based on the periodic moiré pattern should be completely destroyed. 
This behavior also can be understood within the framework of quantum confinement. 
For massless Dirac fermions confined in a nanoscale structure with the width L, the 
average level spacing of electronic states generated by quantum confinement can be 
estimated by ∆𝐸 ~ 𝛼πħν𝐹/𝐿, where   is a dimensionless constant of order unity,   
is the reduced Planck’s constant, and vF = 1.0 × 106 m/s is the Fermi velocity [34]. In 
our experiment, we observed that full width at half maximum (FWHM) of the VHSs 
increases with decreasing the width of the nanoscale TBG. For L ~ 6.6 nm, ∆𝐸 is 
estimated to be about 150 meV, which is sufficient large to broaden the VHSs to be 
invisible in the spectrum, in good agreement with our experimental result. 
The effects of quantum confinement on the electronic properties of the TBG can be 
directly imaged by STS maps, as shown in Fig. 4. Figure 4(b) shows spatial 
distributions of the LDOS recorded at two different energies, one at – 45 meV (the 
energy of a VHS) and the other at 245 meV (the energy much larger than the VHS), 
along the nanoscale TBG. Two important results can be obtained according to the two 
STS maps shown in Fig. 4(b). First, the LDOS in the nanoscale TBG with width larger 
than 20 nm (L ≥ 3D) is also strongly modulated by the moiré pattern and shows the 
same period as the moiré pattern (Fig. 4(a)). Such a behaviour is almost the same as 
that observed in a continuous TBG, as we have shown in Fig. 2. Second, the spatial 
distribution of the LDOS measured at – 45 meV (the energy of a VHS) is strongly 
disturbed by the quantum confinement when the width of the TBG is smaller than 20 
nm. The period of the LDOS almost disappears when the width of the TBG is smaller 
than 10 nm (Fig. 4(c)). This behavior is similar as the width dependence of the 
intensities (or FWHM) of the VHSs, as we have shown in Fig. 3(d). Whereas, the spatial 
distribution of the LDOS recorded at 245 meV (above the energies of the VHSs) is only 
slightly influenced by the quantum confinement. The period of the LDOS maintains 
even when the width of the TBG is reduced to only a single moiré spot, as shown in 
Fig. 4(c). Such a result indicates that the observed spatial distributions of the LDOS at 
the two different energies have quite different origins. The spatial distribution of the 
LDOS at the VHSs should be strongly related to the band structure of the TBG. 
Therefore, it is sensitive to the translational symmetry breaking of the twist-induced 
moiré patterns. The moiré pattern will generate the moiré potential in the TBG, which 
can affect the spatial distribution of the LDOS. The observed behavior of the spatial 
distribution of the LDOS at high energies suggests that the spatial distribution of the 
LDOS at high energies may mainly originate from the moiré potential in the TBG and 
is weakly related to the band structure of the TBG.   
In summary, a special nanosized TBG is obtained in the overlaid area of two 
continuous misoriented graphene sheets and we studied carefully the effects of 
quantum confinement on the electronic properties of the nanoscale TBG. Our results 
indicate that the VHSs and the spatial modulation of the low-energy LDOS are 
strongly affected by the translational symmetry breaking of the nanoscale TBG. 
Whereas, the electronic properties above the energy of the VHSs are almost not 
influenced by the quantum confinement even when the width of the TBG is reduced 
to only a single moiré spot. 
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 FIG. 1. (a) A typical STM topography of graphene bilayer with twisted angle 𝜃 ~ 2.9° 
(Vsample = 223 mV and I = 180 pA). The period of moiré pattern is about 4.9 nm. (b) 
Tunneling spectra recorded along the arrow of (a). (c) Theoretical calculated band 
structure (left panel) of the twist bilayer graphene with the twisted angle 𝜃 ~ 2.9° and 
the corresponding LDOS (right panel) with two VHSs (pointed out by the arrows). 
 
 
 
 
 FIG. 2. (a), (b) Conductance maps (upper panels) of the TBG with the twisted angle 𝜃 
~ 2.9° measured at -VHS (Vsample = -210 mV) and -309 mV, respectively. Lower panels 
of (a) and (b) are the corresponding theoretical results. (c) The profile lines along the 
moiré pattern of the STS maps in (a) and (b). The positions of the strongest STS signal 
of (a) and (b) shift D/2. 
 
 
 
 
 
 FIG.3 (a) STM image of a nanoscale TBG with width decreasing from 22 nm to 0 nm 
(Vsample = -700 mV and I = 200 pA). The twist angle of the TBG is about 2.1° and the 
period of the moiré pattern is about 6.3 nm. (b) The schematic diagram to illustrate the 
structure of the confined TBG. (c) The side view of the nanoscale TBG on a SiC 
substrate. (d) The STS spectra measured along the arrow in (a). Right panel shows 
profile lines taken from the left panel. The intensities of the VHSs decreases gradually 
with decreasing the width of the TBG.  
 
 
 
 
 
 
 FIG. 4. (a) STM image of the nanoscale TBG with 𝜃 ~ 2.1° (Vsample = 450 mV and I = 
120 pA). (b) Conductance maps of the nanoscale TBG at energies - 45 meV and 245 
meV. (d) The profile lines (blue and orange) taken from (b), explicitly showing the 
quantum confinement on the spatial distributions of the LDOS. 
 
 
 
